We present radial velocities for stars in the field of the open star clusters Berkeley 44, Berkeley 81, and NGC 6802 from spectra obtained using the Wisconsin-IndianaYale-NOAO (WIYN) 3.5 m telescope. These clusters are of intermediate age (1-3 Gyr), located within the solar Galactocentric radius, and have no previous radial velocity measurements. We find mean radial velocities of −9.6 ± 3.0 km s −1 , 48.1 ± 2.0 km s −1 , and 12.4 ± 2.8 km s −1 for Be 44, Be 81, and NGC 6802, respectively. We present an analysis of radial velocities of 134 open clusters of a wide range of ages using data obtained in this study and the literature. Assuming the system of clusters rotates about the Galactic center with a constant velocity, we find older clusters exhibit a slower rotation and larger line-of-sight (LOS) velocity dispersion than younger clusters. The gradual decrease in rotational velocity of the cluster system with age is accompanied by a smooth increase in LOS velocity dispersion, which we interpret as the effect of heating on the open cluster system over time.
Introduction
As they orbit in the Galactic disk, open star clusters are significantly affected by both internal interactions between stars, and their external interaction with the Galaxy. As open clusters age, they lose stars due to internal dynamical effects and mass segregation, which operates on timescales on the order of several Gyr for an average cluster (Spitzer 1958) . Compounding these effects of two-body relaxation, those due to interactions with the Galactic potential, giant molecular clouds and other massive objects may further accelerate cluster dissolution. Since old open clusters can reach ages up to about 10 Gyr, yet are associated with the Galactic disk, some mechanism must have allowed them to survive the numerous interactions with the disruptive forces in the Galaxy. Additionally, the oldest clusters are found to lag solar rotation, with higher line of sight (LOS) dispersions than young clusters of the thin disk Friel et al. 2002) .
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This has led to questions of whether these old clusters have survived for so long because their initial velocities have taken them out of reach of the disruptive mechanisms, or if they acquired their current velocities through heating processes, yet were dense or massive enough to remain intact (Friel 2013) . It has also been suggested that old open clusters could be associated with structures other than the thin disk, such as the thick disk, the Sgr dwarf or other merger remnants. For example, Frinchaboy et al. (2004) suggested that clusters could be used (especially kinematically) to determine the nature of observed structures such as the Monoceros Ring in the Canis Major region. Thus it is useful to study the kinematics of open clusters to determine their place in large-scale Galactic structure and evolution.
To describe the motions of a single cluster however, individual stellar velocities of cluster members must be determined. Since the stars in a cluster are born under the same conditions and are gravitationally bound, they will move through the Galaxy at a systematic velocity with small star-to-star variations due to internal velocity dispersions of about 1 km s −1 (Friel 2013) . These small velocity dispersions provide a means for determining cluster membership even in the absence of proper motions. Moreover, when combined with knowledge of the cluster color-magnitude diagram (CMD) and a star's evolutionary state, radial velocities can determine probable cluster members with relatively high precision.
Combining cluster membership with photometry allows for more accurate determinations of properties such as age, distance, and to some extent metallicity. Cluster membership is particularly important in crowded fields where field star contamination is high, because not only does it separate the cluster from the field, which allows for more accurate determination of the cluster properties, it also allows for specific selection of cluster stars for future observations with spectroscopy for elemental abundances.
Motivated by all these considerations, we present new radial velocities and membership information for three relatively unstudied clusters, Berkeley 44, Berkeley 81 and NGC 6802, which have no previous radial velocity measures. Prior to this study, only photometric data had been obtained for these clusters. Berkeley 44 has been studied in the optical with BV I photometry by Carraro et al. (2006) and by Janes & Hoq (2011) and in the IR using Two Micron All Sky Survey photometry by Turner (2011) . Cluster properties determined from these studies indicate Be 44 has an age of 1.3 -2.9 Gyr, reddening E(B −V ) = 0.98−−1.40, and intrinsic distance modulus of 11.26 -12.48 , leading to a distance of 1.8 -3.1 kpc from the Sun. We have chosen to utilize the most recent Janes & Hoq (2011) photometry for its combination of larger area of the sky, photometric depth, and secure photometric calibration. Photometric properties of Be 81 have been determined by Sagar & Griffiths (1998) and most recently by Donati et al. (2014) . These studies are in good agreement, indicating Be 81 has a distance of ∼ 3 kpc and an age of 0.7 -1.0 Gyr. NGC 6802 has been studied photometrically by Kaluzny & Shara (1988) and Netopil et al. (2007) in searches for contact binaries and chemically peculiar stars, respectively, and by Sirbaugh et al. (1995) and Janes & Hoq (2011) , for the determination of cluster parameters. These works agree in finding the cluster to be ∼ 1 Gyr in age, located 1.8 -2.0 kpc from the Sun.
Adopted cluster parameters and sources for these properties are given in Table 1 . The clusters are all located within the solar Galactocentric radius and are of intermediate age, making them interesting objects of study since few old clusters are found this far inside the solar Galactocentric radius. It is especially interesting to study these clusters kinematically to determine whether they orbit near this radius, or have more elliptical orbits that take them to much larger radii.
Additionally, we perform an analysis of the radial velocities of 134 clusters with properties obtained in this paper and from the literature. These clusters exhibit a wide range in properties and locations, with ages from a few Myr to 10 Gyr, Galactocentric radii under 6 kpc to outside of 20 kpc, and distances from the Galactic plane of over 2 kpc. With a sample of this size we are able to look at trends in kinematics with age and Galactic location. We especially utilize the wide range in ages to learn more about the evolution of cluster rotation.
Selection and Observation

Target Selections
In general, our target selections were motivated by the desire to maximize the number of cluster members observed. To make our target selections, we used the photometric data presented in Janes & Hoq (2011) for Be 44 and NGC 6802 and that recently gathered by Donati et al. (2014) for Be 81, because these studies maximized the areal coverage and provided excellent photometric accuracy. In general we selected stars in the cluster CMD within about 1 mag in V and in B − V around the red giant clump (RGC). When possible, as for Be 44, we included brighter stars in the red giant region. Most objects were selected to lie within twice the angular radius for each of the clusters as given in Janes & Hoq (2011) and Sagar & Griffiths (1998) , but for Be 81, we were able to include a number of RGC stars outside of this region, in case the cluster extended farther than previously thought. We also selected a few targets within two radii of the cluster center that appeared to be blue stragglers or in the main sequence turnoff region.
Observation and Data Reduction
Our data were obtained using the Wisconsin-Indiana-Yale-NOAO (WIYN) 3.5 m telescope, 1 the Hydra multi-fiber positioner, the Bench Spectrograph, and a 2600 x 4000 pixel CCD (STA1) on the nights of 2012 May 7, 8, and 9 Spectra have a dispersion of 0.158Å pixel −1 and cover a range of about 6082 -6397Å. Typical signal-to-noise ratio (S/N) were about 15-20 at the fainter V magnitude limit of our sample, V ∼ 16.5 − 17 mag. Four radial velocity standard stars were observed over the three nights of our observations with S/N >100, along with stars in the fields of the Berkeley 44, Berkeley 81 and NGC 6802.
These data were reduced using standard IRAF 2 software to perform bias subtraction, flat fielding, dark subtraction, dispersion correction with ThAr lamp spectra (taken multiple times throughout each night to account for instrumental shifts), and sky subtraction. In addition, the L.A.Cosmic algorithm (van Dokkum 2001) was used to remove cosmic rays, and multiple exposures were taken at each setup for a given cluster to improve our S/N and reduce any remaining effects of cosmic rays.
Radial Velocities
Individual Stellar Velocities
Radial velocities for individual stars were determined using the FXCOR task in the NOAO.RV package in IRAF, which performs a Fourier cross-correlation between an object spectrum and a template spectrum. For each star, two to three different radial velocity measurements were obtained from cross-correlation with each of the templates (the velocity standards) taken on the same night. To determine the uncertainty on the radial velocity measurements, each of the templates was crosscorrelated with each other, and the measurements of the same template observed on different nights were cross-correlated with each other, to determine the template-to-template and night-to-night variations respectively. However, both of these variations were on average around 0.15 km s −1 with uncertainties on these values ∼ 0.5 km s −1 , consistent with zero. On the other hand, uncertainties on the individual velocities as a result of the cross-correlation were generally under 1 km s −1 , yet typically several times the template-to-template and night-to-night variations. Therefore, the uncertainty given for the individual radial velocity of a star is the average of the errors from the cross-correlation with each template. In Table 2 , we present new radial velocities for 132 stars in the fields of Be 44, NGC 6802, and Be 81. In Table 2 , the star ID, V magnitude, and (B − V ) color (Columns 1, 4, and 5) are those according to the Janes & Hoq (2011) photometry for Be 44 and NGC 6802, and according to the Donati et al. (2014) photometry for Be 81. The determined radial velocities and the uncertainties are given in Columns 2 and 3. Membership status is given in Column 6, with explanation given in the following section. 
Cluster Mean Velocities
To compute mean cluster velocities, the possible cluster members must first be determined. To do so, we examined the distributions of radial velocities in order to find a peak in the distribution of individual stellar velocities. The generated histograms are shown in Figure 1 , with the cluster members (or potential members) identified. As the peaks in velocity are well defined for each cluster, we considered all stars more than 10 km s −1 from the peak to be nonmembers. Any stars within about 5 km s −1 on either side of the peak were defined as cluster members, since this range encompassed the primary distribution. Those stars with radial velocities between 5 and 10 km s −1 from the peak (noted with a " ? " in Table 2 ), are potential members. To decide whether or not to include these stars in the cluster mean velocities, we examined their position in the cluster CMD's and the star's radial distance from the cluster center. For Be 44, we find three stars in this uncertain range, however they fall among other cluster members in both the CMD and position on the sky, so they are included in calculating the mean cluster velocity for Be 44. For NGC 6802, only a single star (4650) falls in this range. This star however was located at about 4 cluster radii from the center of the cluster. Thus, we consider it unlikely that this star is member, and do not include it in the calculation of NGC 6802's mean velocity. Finally, for Be 81, we find two stars of questionable membership status. For star 53528 in Be 81 we find a situation similar to that of star 4650 in NGC 6802 (with 53528 also located at about 4 cluster radii from the cluster center), so we exclude star 53528 from our calculations. For star 32081 in Be 81, we find a color and magnitude suggesting a potential blue straggler (if a true member of Be 81), which may explain its more deviant velocity. However, even if star 32081 is a blue straggler (and likely in a binary), we would not resolve the velocity of the binary, so we exclude it from our mean cluster velocity calculations. The final cluster members (including star 32081 in Be 81) are displayed in the CMDs for the clusters in Figure 2 .
For Be 44, we found 32 members out of 50 stars giving a mean radial velocity of −9.6 ± 3.0 km s −1 (standard deviation). For NGC 6802, we found 25 members out of 36 stars with a mean radial velocity of 12.4 ± 2.8 km s −1 . For Be 81, 17 cluster members are found out of 46 stars giving a mean radial velocity of 48.1 ± 2.0 km s −1 . Note that the proportion of members to nonmembers gives an estimate on the field contamination in each of these clusters. We find a (pseudo) field contamination of 36% in Be 44, about 30% in NGC 6802, and about 63% in Be 81. As noted before, the observed stars were generally chosen to maximize the likelihood of finding cluster members, so this estimate is a lower limit to the actual field contamination. These numbers emphasize the importance of determining cluster membership, as the large numbers of field stars will interfere with determining cluster properties. Radial velocity measures provide an important determination of cluster membership, which can then be used to clean the cluster CMDs of field star contamination and allow for accurate measures of cluster properties. The determination of cluster properties based on these membership determinations will be the subject of later work, once cluster abundances are available. , and NGC 6802, with observed cluster members given as gray squares and nonmembers as light gray triangles. Note in Be 44, two bluer members, the brighter of which is likely a blue straggler, and the fainter, a turnoff star, were used in determination of the mean cluster velocity. Note also the bluest member in Be 81, this is the supposed blue straggler, star 32081.
Analysis
Method
For our analysis, we supplement our results with those for 131 clusters with measured ages, distances, and radial velocities. The properties for these clusters were obtained from the literature and adopted values for all 134 clusters are given in Table 3 . These clusters were chosen to sample a wide range of properties, particularly age and distance. In the following analysis we assume a solar Galactocentric radius of 8.0 kpc, solar rotational velocity of 220 km s −1 , and a transformation of radial velocities to the local standard of rest (LSR) as given in Braun & Burton (1999) . The method of analysis used here was developed by Frenk & White (1980) , who originally used it to examine the kinematics of globular clusters. This method was also used later by Zinn (1985) and Armandroff (1989) in their study of globular clusters. The method defined by Frenk & White (1980) takes advantage of the geometric relation between the observed radial velocity of a cluster and its position, rotational velocity, expansion velocity, peculiar velocity, and the effect of solar rotation on the measured radial velocity. Here we neglect the expansion velocity term, as did Frenk & White (1980) and Zinn (1985) who showed that the relationship simplifies (Armandroff 1989) to
where V S is the radial velocity of a cluster with respect to a stationary observer at the Sun's location and
Here, V LSR is the radial velocity of the cluster relative to the LSR, v is the rotational velocity of the LSR about the Galactic center, ψ is the angle between the rotational-velocity vector of the cluster and the line passing through the cluster and the Sun, and λ is the angle between the apex of the LSR and the position of the cluster on the sky. (Frenk & White 1980 , provides a useful diagram of the geometry and definitions of ψ and λ in terms of cluster position and distance.) Thus, assuming the entire cluster system rotates with a constant velocity, using a sample of clusters, one can determine a linear fit to the relation of V S and ψ, with the slope giving the rotational velocity of the system and the scatter around this fit providing the LOS dispersion in rotational velocities. It should be noted that this LOS dispersion is a combination of effects of intrinsic rotational velocity dispersions and peculiar velocities, depending on the location of a given cluster in the Galaxy. This method has also been applied to the old open cluster system. Friel et al. (1989) first examined a sample of 23 old (ages > 0.8 Gyr) open clusters using this method to find a rotational velocity of 203 ± 9 km s −1 with a LOS dispersion of 22 km s −1 . Scott et al. (1995) also utilized this method, building upon this sample to find 211 ± 7 km s −1 with a LOS dispersion of 28 km s −1 for 35 old (ages > 1 Gyr) open clusters. Given a significantly larger sample size, which includes young clusters as well as old, we are able to sub-divide our sample based on different properties to examine the rotational velocities and dispersions in these sub-samples. Additionally, many of the clusters in our sample have more accurate radial velocities than in the previous studies, which had uncertainties on the order of ∼ 10 km s −1 . Most of the clusters in this sample have uncertainties in their radial velocities of ∼ 1 km s −1 or less. Table 3 gives the properties for the 134 clusters analyzed in this survey, along with the calculated values of V S and cos(ψ) (given in Columns 10 and 11). The cluster mean radial velocity and standard error of the mean given in Columns 4 and 5 were obtained from a variety of sources, which are referenced in the last column. True distance moduli and ages (log(Age) given in Column 9) were obtained from a variety of photometric studies of these clusters, also referenced in the last column.
Rotational Velocities of the Open Cluster System
In Figure 3 , we plot V S and cos(ψ) for four sets of data, the entire sample of 134 clusters, young clusters with ages under 100 Myr, old clusters with ages over 1 Gyr, and the oldest of those clusters with ages over 4 Gyr. For the three subsets presented in Figure 3 , we have fit a line to the data, determining the rotational velocity of the system of clusters and the LOS velocity dispersion for the same. While individual outliers are present, in general, the younger subset follows a tight distribution and steeper slope (larger rotational velocity) around the best fit line, whereas the older subsets exhibit more scatter around a more shallow slope. We shall examine these in further detail.
First, we examine the system of young clusters with ages under 100 Myr. We have a sample of 35 clusters which give a rotational velocity of 221 ± 3 km s −1 and a LOS dispersion of 10 km s −1 . This is consistent with the local rotational velocity of 229 ± 18 km s −1 (Ghez et al. 2008) , implying that young clusters are, not surprisingly, members of the thin disk, where they recently formed.
In an effort to compare to previous results, we present the results of this analysis applied to the old open clusters, those with ages over 1 Gyr. In this age range, we improve the sample size from 35 in Scott et al. (1995) to 50 clusters, and find a rotational velocity of 210 ± 6 km s −1 with a LOS dispersion of 26 km s −1 . This result is consistent with both Scott et al. (1995) and , in both the rotational velocity and dispersion of the old open cluster system.
As the sample of older (> 1 Gyr) clusters is generally weighted toward 1 Gyr old clusters, it is of interest to examine the oldest of these clusters. We have 17 clusters with ages greater than 4 Gyr in age, increasing by 50% the sample of 12 given by Scott et al. (1995) . Note that this implies that about two thirds of our old clusters have ages 1-4 Gyr, so if any interesting motions existed only in the oldest clusters, they would likely be overshadowed by the motions of the relatively younger clusters in our previous range. However, with such a small sample, individual outliers will also have more influence on our results. With both of these ideas in mind, for the system of the oldest clusters, we find a rotational velocity of 187 ± 14 km s −1 and a LOS dispersion of 32 km s −1 . While this is a significantly lower rotational velocity than that found for clusters older than 1 Gyr, we suspect that is largely due to the small sample size and the thus increased influence of two clusters, Berkeley 17 and NGC 6791, which will be examined in more detail in Section 5. Note that the fits for each of the three age ranges examined above are given in Table 4 .
As the old cluster system exhibits a lower rotation velocity and a significantly higher LOS velocity dispersion than the young cluster system, it is of interest to examine the distribution of these properties as a function of age in more detail, which our enlarged sample size allows. Thus we separate our sample into seven age bins (each with about the same number of clusters) and apply the same analysis as above, the results of which are given in Table 4 . Figure 4 plots these LOS velocity dispersions and rotational velocities against the average age of each age group. As ages generally have high uncertainties, we examined the effects of changing the definition and ranges of these age groups, to account for the possibility of incorrect ages. However, we found that while specific values for LOS dispersion and rotational velocity changed slightly (largely due to changing the number of clusters in the range), the general trends were conserved. Therefore we conclude that the trends shown in Figure 4 are real, and not the result of the particular age range selections we have made.
Discussion
Age-Velocity Relationship
The most striking feature in Figure 4 is that with the exception of the point at an age range around 600 Myr, there seems to be a smooth increase in LOS velocity dispersion and a smooth decrease in rotational velocity with age. Additionally, the deviation of the 600 Myr point is due to two clusters (which will be examined later), and not due to a larger scatter amongst all of the clusters in this age range. Thus by excluding the two deviant clusters, the 600 Myr point falls along the relationship established by the other age ranges. Rather than displaying discontinuities or significant jumps or variations that might be interpreted in terms of particular dynamical interactions or specific events or individual subpopulations within the cluster system, it appears that the increase in the LOS dispersions accompanied by the decrease in rotational velocity occurs gradually over time for clusters. This indicates that as clusters age, they transfer rotational velocity into random motions. As further evidence of this, the increase in LOS dispersion and decrease in rotational velocity with increasing age are consistent in both shape and magnitude with those found in the Geneva-Copenhagen Survey (GCS) of the solar neighborhood based on the full U , V , and W velocities of thin disk stars (Nordström et al. 2004; Holmberg et al. 2007 Holmberg et al. , 2009 . The GCS studies found smooth increases of U , V , and W velocity dispersions with age in thin disk stars, concluding that this reflects the effects of heating processes in the disk (as a combination of pure or random heating and interactions with large-scale structures: Holmberg et al. 2007) . Since most of the clusters in our sample are in or close to the plane of the Galaxy, the W velocities do not Fig. 4 .-Plots of age vs. rotational velocity (top) and age vs. line-of-sight velocity dispersion (bottom) of the seven age groups as described in the text and Table 4. contribute much to the observed radial velocities. However, our radial velocities are much more sensitive to U and V velocities, with V velocities measured to an extent by the rotational velocity and the U and V velocity dispersions combined reflected in the LOS dispersion. For the age ranges covered in the GCS studies, our LOS dispersion is consistent with the U and V field star velocity dispersions. For example, in the oldest cluster group we examined, we found an LOS dispersion of 33 km s −1 which falls between the U velocity dispersion of about 40 km s −1 and the V velocity dispersion of about 23 km s −1 found in Holmberg et al. (2007) for field stars in the same age range. Thus we find that the open clusters in our sample (all 134 clusters) are consistent with being thin disk objects and affected by heating processes, in a largely similar way as are individual stars.
This increase in velocity dispersion for clusters had been found previously, but from a cluster sample much more limited in age and distance. In a study using proper motions Wu et al. (2009) determined U , V , and W velocity dispersions for clusters in three age ranges (those under 500 Myr, those between 500 Myr and 1 Gyr, and those between 1 and 2 Gyr). They found that velocity dispersions also increased with age, similar to our LOS dispersions, and as noted by Wu et al. (2009) reflect the stellar velocity dispersions found in the GCS studies. The sample analyzed here extends this result to significantly larger ages and extent in the Galactic disk, finding results from radial velocities that are fully consistent with those using proper motions and full space velocities.
Unusual Clusters
We noted before that two of the oldest clusters, Berkeley 17 (8 Gyr, V S = 50.4 km s −1 , cos(ψ) = 0.163) and NGC 6791 (10 Gyr, V S = 158.7 km s −1 , cos(ψ) = 0.976), deviate significantly from the bulk of other clusters in the V S -cos(ψ) diagram of all clusters (see Figure 3) . However, it is interesting to note that NGC 6791 does not appear to deviate much in the cluster group with ages greater than 4 Gyr, which may be significant or due to a lack of clusters in the same region on this diagram. Be 17 is located almost directly in the Galactic anti-center (l = 175.65 • ), yet has a highly negative radial velocity of −84 km s −1 , implying a substantial U velocity. The kinematics of NGC 6791, on the other hand, have been studied in more detail to determine orbital parameters. Bedin et al. (2006) found that NGC 6791 orbits with an eccentricity of about 0.5 taking it to a perigalacticon of about 3 kpc and a maximum height above the plane of about 1 kpc, all of which are consistent with having an eccentric thin disk orbit, which is interesting since NGC 6791 is one of the oldest open clusters known. This is noted by Bedin et al. (2006) , who come to the conclusion that the most likely reason for NGC 6791's longevity is its high density and mass. Indeed, Platais et al. (2011) finds a lower limit to the mass of approximately 5000 M for NGC 6791, placing it among the most massive of known open clusters. Additionally, NGC 6791 will have suffered significant mass loss over its 8-10 Gyr lifetime (Jilkova et al. 2012) , so would have been appreciably more massive in the past. When considering the effect that heating would have over the lifetime of these clusters (8 -10 Gyr), it is not unexpected that a number of clusters would have more eccentric orbits, explaining some of the kinematic properties of the oldest cluster system. However, clusters will also share the motions of the clouds from which they formed, with the possibility that their somewhat more eccentric orbits are at least partly primordial. Additionally, clusters could interact with a giant molecular cloud (or other massive body) in a particular way that imparts a large amount of energy to the cluster without disrupting it, thus leaving the cluster on a more eccentric orbit. Thus, there are other methods of setting clusters on eccentric orbits which could also be in effect for these clusters.
As previously noted, the 600 Myr group of clusters does not appear to follow the smooth increase in LOS dispersion established by the rest of the points. This appears to be due to two clusters with deviant velocities, NGC 1817 (V S = 33.9 km s −1 , cos(ψ) = −0.086) and NGC 1912 (V S = −22.7 km s −1 , cos(ψ) = 0.115), since excluding them from the group, both the V rot and LOS dispersion fall along the smooth curve defined by the rest of the age groups. These two clusters are both located near the Galactic anti-center with NGC 1817 at l = 186.16 • and NGC 1912 at l = 175.25 • , with radial velocities of 65 km s −1 and −45 km s −1 , respectively. Both of these appear significant and point to more eccentric orbits. Given that these clusters have ages of 400-500 Myr, it appears they may have formed with more eccentric motions or have (as mentioned above) interacted with some structure in the Galaxy in a particular manner that set these clusters on more eccentric orbits.
Conclusion
We have derived radial velocities for 3 open clusters with no previous velocity measurements: Be 44, Be 81, and NGC 6802. Combining these velocities with results from the literature to assemble a sample of 134 clusters of a wide range of ages and distances, we investigate the kinematics of the open cluster system. We find that the youngest clusters, with ages less than 100 Myr, rotate with a velocity of 221±3 km s −1 with a LOS velocity dispersion of only 10 km s −1 , as expected for a young disk population. However, older clusters show systematically slower rotational velocities and higher LOS velocity dispersions, which suggests that as clusters age, a portion of their rotational velocity is dispersed into random motions. Additionally, the increase in velocity dispersion is consistent in both shape and magnitude with the velocity dispersions of local field stars as determined in the GCS. This appears to indicate that clusters are affected by heating as individual stars are, and that these clusters are thin disk objects.
While this study improved upon the sample size and quality of data of past studies of its kind, there are a number of ways in which this work can be expanded and improved to better understand open cluster kinematics. There remain many more known open clusters that either do not have well defined radial velocities or lack them entirely. Similarly, there are many clusters that lack detailed properties in general, such as age or distance. By obtaining or improving the quality of these properties, the sample here could be greatly increased, allowing finer details of the age-rotation velocity and age-velocity dispersion relationships to be probed. It would also be interesting to examine the effects of dividing clusters into metallicity ranges and applying the method of analysis used here, since many of the clusters in this sample lack metallicity measurements. Also, while a number of clusters have measured proper motions and full space velocities derived from them, these measurements are often limited to the brightest magnitudes, so sample a limited number of stars in the cluster field or do not reach very great distances. Thus by improving and obtaining proper motion measurements and full space velocities, cluster kinematics could be compared directly with Galactic field star kinematics in terms of well defined U , V , and W velocities and velocity dispersions. There are many directions that can be taken to learn more about open clusters and their interaction with the Galaxy.
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